The new lupane-type triterpenoid, 3-hydroxy-lup-9(11),12-diene, 28-oic acid (1), along with two known lupane-type triterpenoids, lupeol (2) and lupan-3-ol (3), were isolated from the bark of Sonnetaria alba. The structure of the new compound was elucidated on the basis of spectroscopic and mass spectrometric data analysis. Using the broth microdilution method, all compounds exhibited antibacterial activity against the Gram-positive bacteria Staphylococcus aureus ATCC 6538 and Streptococcus mutans ATCC 25175, with minimum inhibitory concentrations ranging from 15-33 to 35-55 g/mL, respectively.
Mangrove plants are a group of trees and shrubs growing along seashores in tropical and subtropical climates [1] . These plants have special morphological characteristics and can withstand high levels of salt stress. They also have various salt resistant properties at the cellular level [2, 3] . Numerous mangrove plants have been used in folklore medicine, and extracts from mangroves and mangrovedependent species have proven activity against human, animal and plant pathogens, but only limited investigations have been carried out to identify the secondary metabolites responsible for their bioactivities [4, 5] . As part of our continuing search for antibacterial candidate compounds from Indonesian mangrove plants, the ethyl acetate extract of Sonnetaria alba (Lythraceae) was found to show antibacterial activity against Staphylococcus aureus ATCC 6538 and Streptococcus mutans ATCC 25175.
S. alba (known in Indonesia as a Pidada Putih), family Lythraceae, is widely distributed in the coastal areas of South East Asia and the Indian Ocean [6] . The plant is used in Indonesian folk medicine for the treatment of injuries, diarrhea, contused wound, and fever [7] . Previous phytochemical investigations of Sonnetaria species led to the identification of triterpenoids [8, 9] , steroid [9] , fatty acid [10] , lipid [10] , flavonoid, and biphenyl [9] , which showed diverse biological activities, such as antibacterial, anti-inflammatory, and insecticidal effects. The presence of chromene-2-carboxylic acid was also reported from an endophytic fungus, Altenaria sp., from the leaves of S. alba [12] . Although secondary metabolites of other Sonnetaria species have been investigated previously, no antibacterial compound from the bark of S. alba has yet been reported. We report herein the isolation and structure elucidation of a new antibacterial lupane-type triterpenoid, 3-hydroxy-9(11),12dien, 28-oic acid (1), along with the known lupane-type triterpenoids, lupeol (2) and lupan-3-ol (3) . The antibacterial activity of compounds 1-3 is also reported against the Grampositive bacteria, Staphylococcus aureus ATCC 6538 and Streptococcus mutans ATCC 25175. The dried and powdered bark of S. alba was extracted with n-hexane, ethyl acetate and methanol successively. All the extracts were evaluated for antibacterial activity against S. aureus ATCC 6538 and S. mutans ATCC 25175; the ethyl acetate extract showed the strongest activity. By using the antibacterial assay to guide separations, the ethyl acetate extract was subjected to multiple chromatographic steps, using silica gel G60 and preparative TLC to afford three lupane-type triterpenoids (1-3) ( Figure 1 [13] [14] [15] . Comparison of the NMR data for 1 with those of dihydrobetulinic acid [15] [16] [17] [18] [19] indicated that compound 1 was an analogue of this latter compound. The main difference is additional olefinic protons at C-9 and C-12, indicating the presence of two sp 2 methines in 1 instead of two sp 3 methylenes in dihydrobetulinic acid. The gross structure of 1 was deduced from the 1 H-1 H COSY and HMBC spectra (Figure 2 ). In the HMBC spectrum, the correlations arising from the tertiary methyl protons to their neighboring carbons enabled the assignment of the five singlet methyls. The other methyl groups were determined by correlating methyl signals at  H 1.12 to the methine carbon at C-20 ( C 30.2) and C-19 ( C 48.9), suggesting that an isopropyl group was attached at C-20. In the 1 H-1 H COSY spectrum, olefinic protons at  H 5.18 and 5.42 were coupled to each other and were correlated to olefinic carbons at C-9 ( C 145.3), C-13 ( C 139.8), and a quaternary carbon at C-14 ( C 43.2), whereas a methyl proton at  H 21.6 (Me-26) was correlated to an olefinic carbon at C-9 ( C 145.3), a quaternary carbon at C-14 ( C 43.2) and an olefinic carbon at C-13 ( C 139.8), indicating that two olefinic carbons were located at C-9, C-11, C-12 and C-13. The position of the carboxyl group in 1 was confirmed by HMBC, which showed long-range correlations between sp 3 methylenes at H-22 ( H 1.60 and 1.85) and H-16 ( H 1.38 and 1.60 ) to C-17 ( C 49.0) and a carboxylic carbon ( C 181.8), indicating that the carboxyl group was located at C-17. The methylene protons of H-2 at  H 1.48 and 1.75 were correlated to an oxygenated carbon at  C 79.8, whereas the oxygenated proton at  H 3.20 was correlated to the sp 3 carbon at C-2 ( C 27.6) and the quaternary sp 3 carbon at  C 40.2 (C-4), indicated that the hydroxyl group was located at C-3. The coupling constants of H-3 ( H 3.20, dd, J = 10.5, 5.5 Hz) observed in the 1 H NMR spectrum indicated a -orientation of the hydroxyl group at C-3 [17] [18] [19] . The relative configuration of 1 was identical to that of dihydrobetulinic acid, lupeol and and lupan-3-ol based on the J value and the chemical shifts in the 1 H NMR spectrum [20] [21] [22] . Therefore, the structure of 1 was determined to be 3-hydroxy-lup-9(11),12-dien, 28-oic acid or 9(11), 12-dien dihydrobetulinic acid.
The known compounds were identified as lupeol (2) [14] [15] [16] and lupan-3-ol (3) [17, 23] on the basis of NMR and mass spectra, as well as by comparison of their spectral data with those reported previously.
Compounds 1-3 were evaluated for their antibacterial activity against the Gram-positive bacteria, S. aureus ATCC 6538 and S. mutans ATCC 25175 (Table 2 ). All compounds exhibited antibacterial activity against S. mutans and S. aureus with minimum inhibitory concentrations (MIC) ranging from 15-55 g/mL. Among the isolated compounds, lupeol (2) was found to have the most potent antibacterial activity with MICs of 40.5 and 15.6 g/mL, respectively. These results suggest that an isopropenyl and 3-hydroxy moiety in the lupane-type triterpenoids may be an important structural feature for antibacterial activity.
Experimental
General: Melting points were determined using a Fisher-Johns melting point apparatus and are uncorrected. Optical rotations were recorded on an ATAGO AP-300 polarimeter. The IR spectra were recorded on a Perkin-Elmer spectrum-100 FT-IR in KBr. Mass spectra were obtained with JEOL JMS-700 and SynaptG2 mass spectrometers. 1 H-and 13 C-NMR spectra were obtained with a Extraction and isolation: Dried powdered bark (5 kg) of S. alba was extracted with n-hexane, EtOAc and MeOH, successively. Evaporation of these extract under reduced pressure resulted in the crude extracts of n-hexane (26.3 g), EtOAc (78.5 g) and MeOH (30 g), respectively. The ethyl acetate extract exhibited the strongest antibacterial activity against the Gram-positive bacteria, S. aureus ATCC 6538 and S. mutans ATCC 25175 using the agar diffusion method. A portion of the EtOAc extract (50 g) was subjected to vacuum liquid chromatography (VLC) using gradient elution with n-hexane and EtOAc (10:0-0:10) to afford 15 fractions (A-O). Fraction E (6.40 g) was subjected to silica gel CC using a mixture of n-hexane/acetone (9.5:0.5) as eluting solvents to afford 10 fractions (E01-E10). Fraction E05 (180 mg) was subjected to flash CC with silica gel, eluted with n-hexane-acetone (8:2), to give 1 (12.5 mg) after crystallization from acetone. Fraction F (2.30 g) was subjected to silica gel CC using a mixture of n-hexane/EtOAc (10:0-1:1) as the eluting solvent to give 12 fractions (F01-F12). Fractions F03-F05 (175 mg) were combined and chromatographed on a column of silica gel using mixtures of CHCl 3 -MeOH (20:1-1:1) to give 2 (24.5 mg). Fraction E (1.50 g) was subjected to silica gel CC using mixtures of n-hexane/acetone (10:0-1:1) as eluting solvents to give 15 fractions (E01-E12). Fractions E4-E07 (240 mg) were combined and subjected to silica gel CC using mixtures of n-hexane/acetone (10:0-2:3) as eluting solvents to afford 7 fractions (E4.1-E4.7). Fraction E4.5 (94 mg) was separated by preparative TLC on silica gel GF 254 , eluted with n-hexane: EtoAc (7:3), to give 3 (18 mg 
Antibacterial activity
Bacterial strains: Two Gram-positive strains, S. aureus ATCC 6538 and S. mutans ATCC 25175, were used for the antibacterial assays. The bacteria were cultured individually on Tryptic Soy Broth (TSB) at 37 o C for 18 h, before inoculation for assay. The broth culture (100 L), which contained 10 8 bacteria per mL (the inoculum size of each test strain was standarized at 10 8 cfu mL -1 ) using a McFarland Nephelometer standard). Sterile Tryptic Soy Agar (TSA) plates were seeded with test bacterial strains and allowed to stand at 37 o C for 24 h [24] .
Agar-well diffusion method:
The bacterial isolates were first grown in nutrient broth for 24-48 h before use. The isolates were then subcultured on Tryptic Soy Agar plates. The wells were bored into the agar medium using a sterile 6 mm cork borer. The wells were filled with solution of the extract and intense care was taken not to allow the solution to spill on the surface of the medium. The plates were allowed to stand on the laboratory bench for 1-2 h to allow proper inflow of the solution into the medium. Subsequently, the plates were placed in an incubator at 37 o C for 24 h. The plates were later observed for their zones of inhibition. The effects of the extract on bacterial isolates were compared with those of standard antibiotic chlorhexidine of 5 g/mL. The experiment was carried out in triplicate [24, 25] .
Determination of minimum inhibitory concentration (MIC):
Minimum inhibitory concentration was determined by the broth micro-dilution assay technique in 96 well micro-titer plates. Overnight broth cultures of the each test organism (90 uL) were seeded into the wells and the isolated compounds (10 uL) were added to each well at decreasing concentration starting from 1000-75 ug mL -1 . The plates were incubated for 24 h at 35 ± 1 o C, and 1% chlorohexidine solution was used as the microbial growth indicator. MIC was determined as the least concentration of the isolated compound that inhibited the growth of the test organisms [25] .
